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ABSTRACT 
MORPHOLOGICAL VARIATION IN CODIUMFRAGILE IN THE NORTHWEST 
ATLANTIC 
by 
Lucy E. Pleticha 
University of New Hampshire, December, 2009 
Codium fragile (Suringar) Hariot, an invasive Asiatic green alga, has colonized 
areas of the NW Atlantic within the past fifty years. The plant has a dichotomously 
branched cylindrical thallus made of tangled filaments surrounded by a dense covering of 
swollen filament tips, or utricles, terminating in pointed mucrons. This study's goal was 
to investigate morphological differences in NW Atlantic C. fragile populations to 
determine which subspecies are present. In the summer of 2008,1 surveyed 24 sites from 
the Canadian Maritimes to Long Island Sound and evaluated size variation in utricles. 
Morphological investigations revealed a two-fold difference in utricle and mucron 
lengths between populations. Utricle and mucron size variation could be due to genetic 
or habitat differences. Mucron variability may indicate that this is not the ideal diagnostic 
feature for subspecies identification. Results suggest that only C. fragile subsp. fragile 
may be present in the NW Atlantic. 
INTRODUCTION 
Codium fragile (Suringar) Hariot subsp. fragile is a green macroalga. It invaded 
Long Island Sound and the Gulf of Maine within the past fifty years (Carlton and Scanlon 
1985, Mathieson et al. 2003). Codium fragile subsp. fragile can displace native 
organisms and disrupts shellfish fisheries (Mathieson et al. 2003). In recent years, it has 
supplanted kelps (Laminaria and Saccharina) from urchin barrens, harming the fishing 
industry as these kelps provide habitat for juvenile fish and other organisms. Codium 
fragile subsp. fragile can also damage shellfish harvests by overgrowing and smothering 
various animals (Dromgoole 1982). As C. fragile subsp. fragile is very buoyant it may 
lift various molluscs and carry them away via wave action; hence, one of its common 
names is "oyster thief." 
Codium fragile subsp. fragile is considered to be native to Japan (Silva 1955). It 
has now spread through Europe and the Mediterranean (Silva 1955) and is found in 
temperate waters in many geographies (Mathieson et al. 2003, Trowbridge 1998). 
Codium fragile subsp. fragile was first reported in the Northwest Atlantic in 1957, when 
it was discovered offshore of Long Island (Bouck and Morgan 1957). This population 
was probably introduced from western Europe (Carlton and Scanlon 1985). In the 1960s, 
the plant spread from the New York side of Long Island Sound to the shores of 
1
 The subspecies, previously known as Codium fragile subsp. tomentosoides (van Goor) 
P.C. Silva, includes the type specimen of this species. Maggs and Kelly (2007), and 
Provan et al. (2008) revised the subspecies name to C. fragile subsp. fragile, following 
the International Code of Botanic Nomenclature (Greuter et al. 2000). 
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Connecticut (Boemer 1972, Clark and Franz 1969, Malinowski 1974, Moeller 1969, 
Ramus 1971, Wassman and Ramus 1973a, b) and to Cape Cod (Loosanoff 1975, Wood 
1962). Codium fragile subsp. fragile was found in Boothbay Harbor, ME in 1964, 
presumably being introduced with shellfish transplants (Coffin and Stickney 1967). In 
the 1970s, C. fragilesubsp. fragile spread to New Jersey (Boerner 1972), Virginia 
(Hillson 1976), and North Carolina (Searles et al. 1984). In 1989, C. fragile subsp. 
fragile was discovered on the Atlantic coast of Nova Scotia (NS, Bird et al. 1993); it 
spread to the Gulf of St. Lawrence by 1996 (Garbary et al. 1997), and to New Brunswick 
(NB) and Prince Edward Island (PEI) by 1999 (Hubbard and Garbary 2002, Kusakina et 
al. 2006). Today, C. fragile subsp. fragile is found at many locations throughouUhe Gulf 
of Maine, ranging from Boothbay Harbor to the Cape Cod Canal (Carlton and Scanlon 
1985, Mathieson et al. 2003). Overall, its distribution in the NW Atlantic ranges from 
the Canadian Maritimes to North Carolina (Searles et al. 1984) 
There are multiple vectors for the transport of this alga. It was probably 
introduced to Long Island Sound on boat hulls (Loosanoff 1975). Shellfish and 
propellers can also transport juvenile or microscopic plants (Coffin and Stickney 1967, 
Mathieson et al. 2003). Adult plants can also grow from isolated utricles, medullary 
V 
filaments (Nanba et al. 2002). In addition, C. fragile subsp. fragile can also be dispersed 
by vegetatively reproducing fragments, gametes, and the drifting of whole plants and 
fragments by currents (Mathieson et al. 2003). Dispersal by fragmentation increases 
during winter, when colder water temperatures induce fragmentation (Fralick and 
Mathieson 1972). 
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Codium fragile subsp. fragile has a spongy, dichotomously branched cylindrical 
thallus (Fig. la), which may reach 15-50 cm in length. Its thallus grows from a basal disc 
that is composed of undifferentiated filaments and it is a coenocyte. Internally the plant 
is composed of tangled filaments that are surrounded by a densely packed outer covering 
of utricles (Fig lb), which are the swollen terminal tips of the filaments (Silva 1955). 
Utricles are roughly cylindrical in shape and terminate in a point or a mucron (Fig lb, c). 
Utricles may bear one to three gametangia near their midpoints and one or two large hairs 
on the sides of the utricle (Silva 1957). Male and female gametangia can be identified by 
their color and size (Borden and Stein 1969); with female gametangia being dark green 
and having an average size of 360 x 120 |i,m, while male gametangia are bright yellow 
and average 340 x 90 i^m. 
The size of utricles and their mucrons have been used to distinguish various 
subspecies (Silva 1955, 1957, Trowbridge 1998, Trowbridge and Todd 1999a, b). Silva 
(1955) describes C. fragile subsp. atlanticum as having utricles 780-1000 \xm long and 
terminating in a blunt mucron that is up to 12 \xm in length. The subspecies^rag/'/e is 
thought to have utricles that are 550-1050 i^m long and terminate in a very pointed 
mucron up to 68 \xm (Silva 1955). 
One issue with basing algal subspecies identity on morphology is phenotypic 
plasticity. That is, a particular morphology can be correlated with a unique set of 
environmental conditions, and a gradient of environmental conditions can cause 
variability of algal morphologies (Norton et al. 1981). Thus, many algae have different 
morphologies when growing within the intertidal versus the subtidal zones. Codium 
fragile subsp. fragile may also exhibit different morphologies in deeper waters than in 
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shallow tide pools. Likewise, it may also have a different morphology if it is attached or 
unattached, as unattached algae often display a proliferous growth due to a lack of 
polarity (Norton et al. 1981) 
Many seaweeds also have different morphologies when they are vegetative or 
reproductive (Norton et al. 1981). In Codium, the appearance of microscopic utricles can 
change throughout the year. Utricles produce gametangia when the plant is reproductive, 
while they are lost when reproduction ceases. The hairs that grow from the sides of each 
utricle may also break off due to wave action (Norton et al. 1981, Silva 1955). 
Two of the six subspecies of Codium fragile, subspecies/ragz'/e and atlanticum, 
are thought to be differentiated in part by their size, shape, and other general 
morphological features (Hubbard and Garbary 2002, Silva 1955). The subspecies 
atlanticum is described as having small fronds that are dichotomously branched, whereas 
subspeciesyrag//e has larger fronds that are often irregularly branched (Hubbard and 
Garbary 2002, Silva 1955). Another indicative characteristic is that C. fragile subsp. 
fragile is often flattened below its dichotomies, while subsp. atlanticum is not (Burrows 
1991, Silva 1955, Trowbridge 1996). Further, the subspecies atlanticum is thought to 
have utricles without a constriction ("waist") around the middle and have shorter, blunter 
mucrons than subspecies^rag/fe (Maggs and Kelly 2007). 
While morphometric data are useful to determine different subspecies of C. 
fragile, molecular analysis can support and confirm taxonomic assignment. Provan and 
coworkers (2008) determined the sequence of the rpl\6-rps3 plastid gene of subsp. 
fragile and atlanticum from 19 freshly-collected samples at 17 global locations. They 
determined that there were unique haplotypes that distinguished subsp. fragile and subsp. 
4 
atlanticum. They also sequenced this plastid gene from 76 archival herbarium specimens 
of C. fragile from around the world; many specimens designated subsp. atlanticum 
matched the sequence of subsp. fragile (Provan et al. 2008). By observing chloroplast 
microsatellites2 and single nucleotide polymorphisms3 (SNPs) at the rpll 6-rpsZ plastid 
gene region, Provan and colleagues (2008) documented ten C. fragile haplotypes among 
six recognized subspecies. Many freshly-collected Codium samples were identified as 
subsp. fragile. Seven of the eight plants designated by chloroplast haplotype as subsp. 
atlanticum were from the British Isles. Provan et al. (2008) found eight other distinct 
haplotypes in a global survey; many accessions from the southern hemisphere might be 
distinct subspecies. Although their survey had a global focus, they examined only four 
samples from the Northwest Atlantic. Three specimens from the Canadian Maritime 
Provinces supplied by David Garbary were designated as subsp. fragile, although they 
were initially identified as either C. fragile (no subspecies given) or subsp. atlanticum. 
In a related study, Provan, et al. (2005) observed haplotype variation in 
populations of Codium fragile subsp. fragile in its native range in Japan and also from 
introduced regions within Europe. They observed microsatellite length polymorphisms 
and one transversion at the plastid 5S-trnG locus. The polymorphisms gave a total of 
four C. fragile subsp. fragile haplotypes. All four haplotypes were present in Japan, with 
haplotypes one and two being the most common. The first and second haplotypes were 
also present in the Northeast Atlantic and the Mediterranean, respectively. Codium 
fragile subsp. fragile from New Hampshire and North Carolina were designated as 
haplotype one. 
Repeating base pair units 
3
 A variation in a single nucleotide between members of a species 
5 
Kusakina et al. (2006) used morphometric and genetic analysis to evaluate the 
diversity of C. fragile from the Canadian Maritimes. They used inter-simple sequence 
repeat4 (ISSRs) markers on five to ten freshly collected plants from Prince Edward 
Island, New Brunswick, and Nova Scotia, plus Boothbay Harbor, ME. Three 
morphologically and molecularly distinct forms of C. fragile were observed. One form 
found only on Prince Edward Island was characterized by smaller mucrons and no 
genetic variation. Based on morphometric analysis Kusakina et al. (2006) hypothesized 
that this form could be subsp. atlanticum as it was consistent with Garbary and 
Hubbard's earlier findings (2002). Another form collected in New Brunswick, Nova 
Scotia (NS), and Boothbay Harbor was characterized by long mucrons and some genetic 
variation; it was thought to be subsp. fragile. A third form, found at Caribou Harbor, 
Nova Scotia, had mucrons of intermediate size and showed intermediate genetic 
variation. The third form was proposed to be an "intergrade" between the material from 
Prince Edward Island and subsp. fragile or the result of adaptation to the environment. 
Both Kusakina et al. (2006) and Provan et al. (2008) showed that there was some 
correlation between morphological and genetic variation. At the same time, Provan et al. 
(2008) only used one live plant or historic herbarium sample to determine the chloroplast 
haplotype of C. fragile at each location, while Kusakina et al. (2006) sampled up to 10 
fresh plants per location. Each of the studies also had a different geographic scale, with 
Provan et al. (2008) sampling specimens from around the world to examine haplotype 
4
 An inter-simple sequence repeat (ISSR) is a hypervariable genetic marker bordered by 
microsatellite repeats. These microsatellite sequences are used for PCR primers to 
amplify the variable region. ISSRs are dominant and can be used for distinguish 
genotypes or closely-related taxa. 
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diversity, while Kusakina et al. (2006) sought to understand variation in Codium 
populations within the Canadian Maritimes. 
One problem with identifying plant haplotypes using single gene plastid 
haplotypes is that these sequences are highly conserved. If a plant were introduced to a 
new geography only once and spread from that location, all plants sampled would have 
the same haplotype (Mclvor et al. 2001, Provan et al. 2005). By contrast, if multiple 
plastid haplotypes were discovered in a location, this could indicate that several 
subspecies were introduced to the area (Hubbard and Garbary 2002, Provan et al. 2005). 
However, an evolutionarily conservative chloroplast gene might not be sufficiently 
variable to distinguish multiple introductions from a single introduction. While 
chloroplast haplotypes can discriminate between Codium fragile subspecies, nuclear 
genetic techniques are more likely to reveal genetic variation within a subspecies. 
My project sought to understand the morphological variation in Codium fragile 
populations from the Canadian Maritimes to Long Island Sound. I focused on a 
morphological survey of the utricles, while my colleague Chris Benton is evaluating what 
haplotypes of Codium fragile are present using molecular methods outlined by Provan et 
al. (2008). I also made comparisons to the morphometric work of Malinowski (1974) 
from Long Island Sound and Kusakina et al. (2006) from the Canadian Maritimes to 
understand if morphometric variation of utricle morphology in C. fragile was correlated 




Codium fragile was collected during the late summer and early fall at four 
locations in the Canadian Maritimes (Fig. 2), ten in the Gulf of Maine (Fig. 3), and ten in 
Long Island Sound (Fig. 4). Specimens from in Rhode Island Sound and Buzzards Bay 
were included in Long Island Sound evaluations. The name, habit, and coordinates for 
each of the 24 locations are given in Table 1. Several Canadian Maritime sites replicated 
those evaluated by Kusakina et al. (2006), while those in the Gulf of Maine and Long 
Island Sound represented a subset of those surveyed by Mathieson and colleagues (2003). 
Depending on the plants present, C. fragile samples were either collected from drift or 
attached populations within low tide pools (Table 1). I attempted to collect 25 fresh 
specimens per site, but this was not always possible due to the plant's limited availability 
at some locations. A terminal piece of thallus from each plant (-12 cm in length) was 
dried in silica gel for DNA analysis and given to Chris Benton for his molecular 
evaluations. One representative intact plant from each study site was pressed, mounted 
on herbarium paper, and preserved in the Hodgdon Herbarium at the University of New 
Hampshire (Fig. 5, Appendix I). 
Utricle Measurements 
For anatomical studies, a small section (~1 cm) of each plant was taken 1 cm from 
the tip to provide a fairly uniform maturation sequence for the utricles (SilvaJ955, 
1957). During processing, the tips were placed in a microcentrifuge tube with 1 ml of 
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seawater, capped, and shaken or vortexed vigorously to separate utricles as suggested by 
Silva (1957) and Trowbridge (1998). Utricles were mounted on a slide and observed 
with an Olympus BX40 (Center Valley, PA) compound microscope. Ten utricles per 
plant were photographed with a Macrofire digital camera (Optronics, Goleta, CA). Four 
measurements of each utricle were made, including the overall length from the base of 
filament to the tip of the mucron tip, the widest and narrowest dimensions of the utricle 
diameter, and the length of the mucron tip (Fig. lb, c). The mucron was defined as the 
space between the inner membrane and the pointed utricle tip (Fig. lc). Utricles were 
measured using the ImageJ ver. 1.4 software package (downloaded from 
http://rsbweb.nih.gov/ij/downlpad.html). Average measurements pf utricles for each 
plant are listed in Appendix II. 
Statistical Analyses 
Mean utricle and mucron lengths, plus the largest and smallest utricle diameters, 
were calculated for each sample. A Tukey-Kramer HSD test (JMP 7 statistical software; 
Cary, NC) was used to detect significant differences in each characteristic. Analysis of 
Variance (ANOVA) was used tp pbserve differences in utricle anatpmy differences 
between different regipns and habitats A Tukey-Kramer HSD test alsp was perfprmed pn 
the regipnal mean pf each anatomical characteristic tp pbserve regipnal trends and tp 
detect significant differences between plant mprphplpgies pbserved at varipus habitats 
(e.g., plants cpllected attached tp varipus substrata, thpse growing entwined in Zostera, pr 
in drift). A Tukey-Kramer HSD test (JMP 7 statistical spftware; Cary, NC) was used to 
compare the ratio pf mean utricle diameter (narrowest dimensipn) tp the mean utricle 
diameter (widest dimensipn) per plant to observe significant differences in utricle waist 
9 
constriction for each population. The ratio of mean utricle diameter (narrowest 
dimension) to mean utricle diameter (widest dimension) will henceforth be known as the 
waist ratio. 
Frequency (%) distribution patterns for mean utricle and mucron lengths, plus the 
largest and smallest utricle diameters were enumerated for each region. To understand 
the frequencies of anatomical feature size classes from different populations, histograms 
were prepared to compare the ratios of utricle length/utricle diameter (widest and 
narrowest dimensions), gametangial length/utricle length, and gametangial 
length/gametangial width. The ratios were calculated for the mean anatomical 
measurement (+ SD) per site. Histograms were also prepared to compare the mean 
anatomical measurements in the present study with those previously documented by 
Malinowski (1974) and Kusakina et al. (2006). 
Cluster analyses were performed using JMP 7 statistical software on the 
anatomical data to observe what populations were most similar. The ratios of utricle 
length to diameter (widest dimension), plus gametangial length to utricle length, and 
gametangial length and width were calculated to compare my data with that of 
Malinowski (1974); the mucron length measurements were used to compare my data with 
the results of Kusakina et al. (2006). 
A principal component analysis (PCA) was performed to evaluate variation across 
multiple dimensions using SYSTAT 12 (Cranes Software International Ltd.) statistical 
software. This software was available through licenses at the University of New 
Hampshire. 
10 
A website (http://codium.unh.edu) and pamphlet (Appendix III) were designed as 
part of this project. The purpose of these materials was to inform the public about the 





Codium fragile plants collected from all three regions had a mean thallus length 
of 25.9±10.9 cm (Table 2). Plants in the Canadian Maritimes were 21.1=1=9.4 ^m, versus 
23.1± 14.1 \xm in the Gulf of Maine, and 28.9±14.7 ^m in Long Island Sound (Table 2). 
Several different morphologies of C. fragile plants were observed across the 
collection range (Fig. 5). Many plants had a "typical" spongy dichotomously branched 
morphology (Fig. 5a-d); these plants were collected from drift piles on sandy beaches at 
locations such as Parlee Beach, NB, St. Margaret's Bay, NS, Woods Hole, MA, and 
Rocky Neck State Park, CT. By contrast, a few detached plants had a more proliferous 
morphology (Fig. 5e-h). These plants lacked the typical dichotomous branched 
morphology and instead had a few main axes with multiple small branches growing at 
right angles. The proliferous plants were found entwined within submerged wrack at 
Caribou Bay, NS, Boothbay Harbor, ME, and Chappaquoit Beach, MA. 
Utricle Morphology 
As detailed in Table 1, utricles were measured from plants collected from 24 
locations. The length of each utricle, the widest and narrowest diameters, and the length 
of each mucron were plotted (Figs. 6-9). The overall dimensions were as follows: 
908.6±160.8 [im and 21.5±8.0 [im for mean utricle and mucron lengths, and 285.7±53.4 
\xm and 232.8±61.2 \im for mean widest and narrowest utricle dimensions, respectively. 
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The mean gametangial length was 289±30.2 (xm, while the mean gametangial width was 
121±20.9jxm. 
While there was considerable variation in mean utricle lengths (Fig. 6), all utricles 
were larger than the minimum size previously reported for both subspecies atlanticum 
and fragile as summarized in Table 2. Plants from the Head of Buzzards Bay, MA, 
Boothbay Harbor, ME B, and Horsehead Beach, MA all had utricles exceeding the 
expected ranges for both subspecies atlanticum and fragile (Table 2). Utricles from plants 
at the Head of Buzzards Bay, MA were two-fold larger than the smallest utricles 
surveyed from other locations. In general, utricles from the Gulf of Maine plants were 
smaller than those from the Canadian Maritimes or Long Island Sound. 
Mucron length also showed substantial variability (Fig. 7, Table 3) as noted by 
the large error bars on plants from Graves Island, NS (32.7 ±11.1 \xm) and Brave Boat 
Harbor, ME (26.0 ± 14.6 \xm). Individual plants from some locations, such as Caribou 
Bay, NS, Brave Boat Harbor, ME, Chappaquoit Beach, MA, Woods Hole, MA, 
Horsehead Beach, MA, Jamestown, RI, Rocky Neck State Park, CT, and Black Point 
Beach, CT had values of <14 \im (Appendix II). While most of these populations had 
mean mucron lengths given by Silva (1955) for the range given for subsp. fragile, 
Horsehead Beach, MA and Rocky Neck State Park, CT had mean mucron lengths of 14.0 
± 3.8 \xm and 14.5 ± 3.5 [xm, respectively. The mucron lengths from plants from 
Horsehead Beach, MA were highly variable; the smallest mean mucron length per plant 
was 7.8 ± 2.5 \im, while the largest was 24.5 ± 4.7 \im. Likewise, the smallest mean 
mucron length per plant at Rocky Neck State Park, CT was 9.6 ± 2.4, while the largest 
was 21.9 ±6.42. 
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There was also variation in mean mucron size of populations with larger mucrons 
(e.g., greater than 30 ^im). For instance, Graves Island Provincial Park, NS had the 
largest mucrons observed, with a mean mucron size of 33.4 ± 10.1 i^m. Within this 
population, the smallest mean mucron size was 19.4 ± 13.0 jxm, while the largest was 
47.2 ± 4.2 jxm. Mucron measurements were more variable than utricle measurements 
(Fig. 6 and Fig 7). In general, mucrons lengths of Long Island Sound plants were smaller 
than those from the Canadian Maritimes or the Gulf of Maine. Plants from Canadian 
Maritimes and the Gulf of Maine also had mucron lengths that were more variable than 
those from Long Island Sound. 
In general, the utricles from the Canadian Maritimes and Gulf of Maine had 
smaller diameters than those from Long Island Sound (Figs. 8 and 9). The widest utricle 
diameters (Fig. 8) ranged from 225 to 350 \im with a mean of 285.7 ± 53.4, while the 
narrowest utricle diameters (Fig. 9) ranged from 175 to 250 \mi with a mean of 232.8 ± 
61.2 [im. These values are within the given ranges for mean utricle diameter of both C. 
fragile subsp. fragile and subsp. atlanticum (Table 2, Burrows 1991, Maggs and Kelly 
2007, Silva 1951, 1955). 
Significant Differences in Population Means in NW Atlantic Codium fragile 
When ANOVA was performed on mean utricle length per region, the p-value was 
<0.0001. A Tukey-Kramer HSD test on mean utricle lengths (Fig. 6) showed that there 
were significant differences between plants collected from many locations, and that some 
populations exhibited clusters of similarly sized utricles. All of the utricles from Gulf of 
Maine plants, with the exception of those from Short Sands Beach, ME, clustered 
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together; these utricles ranged in length from 700 to 800 (j,m. Collections from Long 
Island Sound also were similar, with their utricles being -900 \im. 
When ANOVA was performed on mean mucron length per region, the p-value 
was <0.0001. A Tukey-Kramer HSD test on mean mucron length (Fig. 7) showed that 
many plants from Long Island Sound with smaller mucrons clustered together with those 
of similar morphologies from the Gulf of Maine. Populations with a small mean mucron 
size of < 20 jxm clustered. Populations with plants with a larger mean mucron size (> 30 
i^m) from Parlee Beach, NS, Graves Island, NS, Boothbay Harbor, ME C clustered 
together. Plant populations with medium-sized mucrons (20-30 \mi) clustered, including 
populations in Caribou Bay, NS, St. Margaret's Bay, NS, Boothbay Harbor, ME D, 
Seapoint, ME, South Mill Pond, NH, Head of Buzzards Bay, MA, and Stonington 
Harbor, CT. 
When ANOVA was performed on mean mucron length per region, the p-value 
was <0.0001. A Tukey-Kramer HSD test performed on the mean utricle diameters (Figs. 
8-9), showed that plants from many locations in the Canadian Maritimes and Gulf of 
Maine had narrow utricles and clustered together. South of Cape Cod, many locations 
had plants with wider utricles that also clustered. The population from the Head of 
Buzzards Bay, MA had the largest utricles and was significantly different from every 
other location. 
When ANOVA was performed on mean mucron length per region, the p-value 
was <0.0001. A Tukey-Kramer HSD test on mean regional anatomical data (Fig. 10) 
showed that Codium populations from the Canadian Maritimes and Gulf of Maine were 
not significantly different for the four utricle morphometric characteristics used. Plants 
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from Long Island Sound were significantly different from populations from both the 
Canadian Maritimes and Gulf of Maine. When ANOVA was performed on the 
anatomical data, all regions had a P value of <0.001 and therefore significantly different. 
A Tukey-Kramer HSD test performed on mean anatomical characteristic (utricle 
length, mucron length, utricle diameter) per plant at each of the three habitat types 
(attached, entwined in Zostera, and drift) showed small but significant differences in 
mean utricle lengths and diameters (widest and narrowest dimensions) between attached 
plants and those entwined in Zostera and between attached plants and those from drift 
(Fig. 11). When ANOVA was performed on the three habitat types, all regions had a P 
value of O.001 and therefore different. 
There were no significant differences in those anatomical characteristics between 
plants collected entwined in Zostera versus those collected in drift for these anatomical 
characteristics. There were also no differences in mean mucron length between the three 
habitats (Fig. 11). When ANOVA was performed on the mean mucron length, the P 
value was 0.086 and therefore not significantly different. 
Most utricles had a constriction, or waist, near their midpoints. The amount of 
constriction at the waist was quantified by calculating the ratio of utricle diameter 
(narrowest dimension) to utricle diameter (widest dimension). Smaller ratios represented 
utricles with well-defined waists (Table 4). A Tukey-Kramer HSD test comparing waist 
ratios of different populations showed several significant groupings of waist sizes, 
although there was much variation in ratios as shown by large error bars (Fig. 12). The 
utricles with the narrowest waists, and therefore the smallest waist ratios, were all in the 
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Canadian Maritimes and the Gulf of Maine. Likewise, the utricles without prominent 
waists were primarily collected from Long Island Sound populations. 
Frequency Distribution of Anatomical Characteristics 
Histograms displaying the percentage of mean utricle values for lengths, mucron 
lengths, and utricle diameters (widest and narrowest dimensions) were generated for a 
total of 335 plants from three different regions (Figs. 13-16), including 68 plants from the 
Canadian Maritimes, 105 from the Gulf of Maine, and 162 from Long Island Sound. 
Modality of the histograms was defined by inspection. 
Figure 13a illustrates frequency distribution patterns of mean utricle lengths for 
each plant. These varied from 605.6-1537.5 [xm, had bimodal peaks at 750-799 \xm and 
1000-1050 \xm, and were skewed towards larger sizes. In the Canadian Maritimes (Fig. 
13b), utricle lengths ranged between 613.5-1209.1 jim, and they had bimodal peaks at 
700-749 \im and 950-999 [xm. The range of utricle sizes in the Gulf of Maine was 605.6-
1489.5 fxm, with the highest frequency at 750-799 ,^m and no modal distribution (Fig. 
13c). Long Island Sound had a utricle size distribution ranging from 678.9-1537.5 [xm 
(Fig. 13 d), and a bimodal distribution (800-849 urn and 1000-1049 |xm) with a long-tail 
skewed towards larger utricles. Long Island Sound plants had the largest range of utricle 
lengths observed. 
Mean mucron sizes in all plants surveyed had a range of 7.8-56.5 i^m. The 
histogram of all plants in the NW Atlantic had a unimodal peak at 15.0-17.4 i^m, and was 
skewed towards larger mucrons (Fig. 14a). The range in mean mucron size per plant in 
the Canadian Maritimes was 13.8-47.2 i^m, with the highest percentage of utricles being 
22.5-24.9 \xm (Fig. 14b). This histogram also was not modal, with a high frequency of 
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mucron sizes at 15.0-17.4 \im and at 32.5-34.9 [xm. Mucron sizes were the most variable 
in the Gulf of Maine, ranging from 11.1-56.5 [Am (Fig. 14c). The histogram also had a 
unimodal distribution, with the highest percentage of mucrons ranging from 20.0-22.4 
\im and being skewed towards longer mucrons. The distribution of mucron sizes was 
most circumscribed in Long Island Sound, ranging from 7.8-30.0 [xm and having a 
unimodal peak at 15.0-17.4 [xm (Fig. 14d). 
The plot of mean widest utricle diameters for all regions ranged from 155.9-426.2 
[Am and was unimodal (Fig. 15a). The highest percentage of plants was 250-274 [xm. 
The range of utricle diameters (widest dimension) from the Canadian Maritimes was 
155.9-362.4 [xm (Fig. 15b), with a unimodal distribution and it highest percentage 
between 250-274 (xm. In the Gulf of Maine, the range of widest utricle diameters were 
179.9-385.0 [xm (Fig. 15c), with its highest unimodal value being 250-274 [Am. The 
range of utricle diameters (widest dimension) from Long Island Sound was 187.9-426.2 
[Am, with a bimodal distribution with its highest percentage being 275-299 [Am and 
another smaller peak at 350-374 [Am (Fig. 15d). 
The histogram displaying the narrowest mean utricle diameter (Fig. 16a) for the 
combined three geographical areas ranged from 118.4-413.9 [xm, with a bimodal 
distribution with its highest percentage at 175-199 [xm and a second smaller peak at 300-
324 [xm. The Canadian Maritimes had its narrowest utricle diameter ranging from 118.4-
290.5 [im, with a unimodal peak at 175-199 [xm (Fig. 16b). In the Gulf of Maine, the 
range of narrowest utricle diameters was 119.0-351.0 [xm, with these exhibiting a 
bimodal peak at 200-224 [xm and a second smaller one at 300-324 [xm (Fig. 16c). A 
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similar histogram for Long Island Sound plants varied from 150.3-413.9 i^m; it was not 
modal with peaks at 175-199 jxm, 225-249 |j,m, and 325-349 urn (Fig. 16d). 
Figure 17 compares the ratios of utricle lengths to widest utricle diameter from 
both the present study and that of Malinowski (1974). The ratios from the present study 
varied from 3.53-5.15. Seventy-five percent of the total number of plants surveyed in 
this study (i.e., from 24 locations) had ratios between 3.50 and 4.24, which showed that 
these utricles were narrower than those surveyed by Malinowski (Fig. 17a). By contrast, 
Malinowski's values ranged from 2.32-3.51, with 40% of the plants surveyed from 7 
locations having ratios of 2.25-2.49, which shows that the utricles he surveyed are wider 
than those I collected (Fig. 17b). 
The ratios of utricle lengths to diameter (narrowest dimension, Fig. 18) 
documented from the current study (based upon 24 sites) varied from 2.77-4.01, with this 
distribution exhibiting a unimodal peak at 3.00-3.24 and being skewed towards larger 
ratios (Fig. 18a). By comparison, the histogram of the ratio of utricle lengths to diameters 
for Malinowski's (1974) data from 6 locations ranged from 2.32-3.51, with a peak 
between 2.25 and 2.49 (Fig. 18b). While my data is similar to that of Malinowski (1974), 
my ratios are larger than his, again showing that the utricles I surveyed were narrower 
than those surveyed by Malinowski. 
The histogram showing the ratios of gametangial lengths to utricle lengths (Fig. 
19) from 15 sites5 in the current study ranged from 0.21-0.36, with a peak at 0.3 (Fig. 
19a). The ratios calculated by Malinowski (1974) from 6 locations ranged from 0.33 to 
0.43, with a peak at 0.4 (Fig. 19b). 
5
 For those plants that had gametangia. 
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Figure 20 summarizes the frequencies of gametangial lengths to gametangial 
widths in the present study, which was based upon plants from 15 locations. Only those 
locations with plants with gametangia were used in this comparison. The values ranged 
from 2.1-2.8, with a peak at 2.4 (Fig. 20a). By contrast, the values calculated by 
Malinowski (1974) for 6 locations ranged from 2.4-2.7 (Fig. 20b). These ratios are not 
very different, showing that the gametangia observed in these two studies were similar in 
size. 
Figure 21 summarizes mean mucron lengths for plants from three geographical 
areas (Canadian Maritimes, Gulf of Maine and Long Island Sound) and their composite 
patterns, as compared to those recorded by Kusakina et al. (2006) from the Canadian 
Maritimes. For this analysis, I used the average mucron size per population in all regions 
surveyed, as opposed to average mucron size per plant as I had done for previous 
analyses. This was because Kusakina et al. (2006) only presented the average mucron 
sizes for populations, not individual plants. The range of mean mucron sizes from four 
Canadian Maritimes populations in the present study was 19.74-33.40 i^m (based upon 4 
populations), with the highest frequency at 30-34 pim (Fig. 21b). Populations from the 
Gulf of Maine had mean mucron sizes of 18.38-37.54 urn (based upon 10 populations), 
with the highest frequency at 30-34 jxm (Fig. 21c). The mean mucron length of 10 Long 
Island Sound populations varied from 13.97-20.78 fxm, with the highest frequency at 15-
19 i^m (Fig. 2 Id). The range of mean mucron sizes that Kusakina et al. (2006) found in 9 
Canadian Maritime Province locations was 9.90-36.52 um; they observed two mucron 
size classes (Fig. 21e). Kusakina's data showed a larger range of average population 
mucron sizes (9.90-36.52 .^m) than those documented in the present study (13.97-37.54 
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fxm). Kusakina's data clearly showed two classes of mean mucron sizes. The smaller 
mucrons were 5-14 um and were from all from plants collected from Prince Edward 
Island. The larger mucrons of 20-35 urn were all from plants collected in Nova Scotia 
and Maine, USA. By contrast there was a continuous distribution of mean mucron length 
in populations sampled in the current study. 
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Population Clusters of Anatomical Variation 
Two cluster analyses (Fig. 22-23) were performed on ratios of utricle lengths/ 
widest utricle diameters, and gametangial lengths/ utricle lengths, as documented in the 
current study as well as that of Malinowski (1974). As reproductive plants were not 
found at some sites, the ratios of gametangial lengths and widths could not be evaluated x 
or used in this analysis. 
Three distinct clusters were observed in the dendrogram representing utricle 
length/ utricle diameter (widest diameter) for the present study and those of Malinowski 
(1974, Fig. 22). All of Malinowski's sites surveyed clustered with populations from all 
three regions surveyed in the present study (cluster a). The other two clusters were 
composed of Boothbay Harbor, ME A and Cape Cod Canal, MA (cluster b) and Cape 
Elizabeth, ME and Short Sands Beach, ME (cluster c). 
The dendrogram in Figure 23 that compares utricle length to utricle diameter 
(widest dimension) for the present study and those of Malinowski (1974) showed four 
clusters. The first, cluster a, was made up of populations from four locations surveyed 
from the Canadian Maritimes and the Gulf of Maine in the current study. Malinowski's 
California populations were also included in this cluster. Cluster b was comprised of the 
majority of the sites from all regions surveyed in the present study; Malinowski's 
population from Boothbay Harbor, ME was also included in this cluster. A tight 
relationship was observed between the plants from Malinowski's Long Island Sound sites 
and those he received from England (cluster c). The last cluster was comprised of plants 
from three locations from the Canadian Maritimes and Gulf of Maine surveyed during the 
present study. 
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Figure 24 illustrates a cluster analysis of mean mucron length data for plant 
populations from each location evaluated in the present study versus those of Kusakina et 
al. (2006). Four distinct clusters were evident. Cluster a consists of populations from the 
Canadian Maritimes and the Gulf of Maine from both the current study and those of 
Kusakina et al. (2006) that have larger mucrons. Boothbay Harbor, ME A clustered with 
Kusakina's et al. (2006) Goose Point, NS location (cluster b). The third cluster (cluster 
c) consisted of populations from locations with average sized mucrons surveyed in the 
present study. One of Kusakina et al. (2006) populations from Caribou Bay, NS was in 
this cluster. Kusakina et al. (2006) hypothesized that this population was an "intergrade" 
between the long and short types of mucrons. The material from Prince Edward Island 
that Kusakina and colleagues considered to be subsp. atlanticum clustered with locations 
from Long Island Sound having small mucrons (cluster d). 
Principal Component Analysis 
To observe regional trends, a principal component analysis (PCA) was performed 
on mean utricle dimensions (utricle length, mucron length, widest and narrowest utricle 
diameter) for each of the three geographies evaluated (Canadian Maritimes, Gulf of 
Maine, and Long Island Sound). In this analysis, over 97% of variation could be 
explained by the first two components (Fig. 25). The factor loading plot (Fig. 26) 
describes how to interpret the axes of the PCA (Fig. 27). Each point on the principal 
component analysis represents a location within a region. Plants having long utricles and 
larger utricle diameters plot positively on the component 1 axis, while those with short 
mucrons plot positively on the component 1 axis. As utricles from Long Island Sound (x) 
had similar small utricle and mucron lengths plus wider utricle diameters they clustered 
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together. Utricles from the Canadian Maritimes (•) and the Gulf of Maine (+) were 




Opinions differ about how large the thallus of C. fragile can become (Table 2). 
Most authors state that subsp. atlanticum typically has a thallus length of 15-25 cm, 
occasionally growing to 50 cm (Burrows 1991, Gonzalez and Santelices 2004, Maggs 
and Kelly 2007, Silva 1951, 1955, 1957). Hubbard and Garbary (2002) reported a 
thallus length of 14.5±0.4 cm for Codium fragile subsp. atlanticum from the Canadian 
Maritimes. The subspecies fragile is thought to be larger than subspecies atlanticum, 
averaging in length from 15-25 cm (Maggs and Kelly 2007, Silva 1955) but it can also 
grow up to 1 m (Burrows 1991, Silva 1957). Hubbard and Garbary (2002) observed that 
C. fragile subsp. fragile from the Canadian Maritimes had a mean thallus length of 
34.4±1.8 cm. In the present study, the mean C. fragile thallus lengths observed in the 
Canadian Maritimes and the Gulf of Maine were smaller than those of Long Island Sound 
(Table 2). At the same time, I found that thallus length measurements could be a 
misleading. That is, Codium fragile was primarily collected in drift, with some plants 
having a very obvious holdfast, many still attached to rocks or shells. Other plants were 
broken off above the holdfast. As my length measurements were therefore uncertain, 
they were used only to report general trends and not included in statistical comparisons. 
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Utricle Anatomy 
Several previous studies have suggested a differentiation between C. fragile 
subspecies atlanticum and fragile based upon anatomical characteristics such as utricles, 
mucrons, gametangia, and other cellular characteristics (Tables 2 and 3). The most 
common measures for discrimination seem to be utricle length and diameter (widest 
dimension), mucron length, and gametangial length and width. Lesser-used 
characteristics include apical wall thickness and medullary filament diameter. Other 
traits commonly reported include the number of gametangia per utricle, the morphologies 
of the gametangia, and the number of hairs per utricle (Tables 2 and 3). 
Silva (1955, 1957), Burrows (1991), and Maggs and Kelly (2007) have suggested 
a broad but overlapping range of utricle sizes for both subspecies atlanticum and fragile. 
The suggested size range for subspecies atlanticum is 780-1100 (-1200)6 um and 550-
1050 um for subspecies/ragz"/e (Maggs and Kelly 2007, Silva 1955, 1957). Hubbard and 
Garbary (2002) found a mean utricle length of 958±14 i^nf for plants identified as subsp. 
atlanticum versus 963±13 \xm for those classified as subsp. fragile (Table 3) in the 
Canadian Maritimes. A broad range of utricle sizes was also observed in the current , 
study (Table 2). On average, the utricles of C. fragile plants from Long Island Sound 
were larger in lengths and widths than those from the Canadian Maritimes and Gulf of 
Maine. At the same time, utricle sizes in all regions were within the size ranges for both 
subspecies (Burrows 1991, Maggs and Kelly 2007, Silva 1951, 1955, 1957). 
Kusakina et al. (2006) measured mucron lengths and found plants with long (25-
44 jxm), intermediate (22 \xm), and short lengths (5-16 \xm), which were correlated with 
6
 Numbers in parentheses represent highest and lowest observed sizes. 
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populations from specific locations in the Canadian Maritimes. A broad range of mucron 
sizes was also observed in the present study. The mean mucron sizes in the Canadian 
Maritimes were 26.5±7.7 jxm versus 25.8 ± 8.2 \xm in the Gulf of Maine and 16.6±4.2 \xm 
in Long Island Sound. These are all larger than the 10-14 \xtn values observed by Silva 
(1957) for mucron size in subsp. atlanticum. Hubbard and Garbary (2002) collected C. 
fragile plants from multiple locations throughout Nova Scotia during August - November 
of 1999. They reported that subspeciesyragz/e had mucron sizes averaging 29.3 ±1.4 i^m 
within the Canadian Maritimes. Although there were larger standard deviations of mean 
mucron sizes of plants in this study from populations near those surveyed by Hubbard 
and Garbary (2002), mucron sizes observed were similar to those of C. fragile subsp. 
fragile observed by Hubbard and Garbary (2002). Chris Benton and I collected C. fragile 
from the Canadian Maritimes during late summer and early fall, which was comparable 
to that of Hubbard and Garbary (2002). Hubbard and Garbary (2002) also observed 
plants proposed to be subspecies atlanticum from Prince Edward Island that bore small 
mucrons (9.5±1.2 ^im). None of the plants we collected from Nova Scotia and New 
Brunswick had mucrons of this size range. Unfortunately, no samples were collected 
from Prince Edward Island, which is where both Hubbard and Garbary (2002) and 
Kusakina (2006) reported subspecies atlanticum. 
As noted earlier, the present study compared local and regional trends of 
morphometric data for C. fragile utricles. While regional trends showed that they were 
largest in Long Island Sound, morphometric means varied within each region. For 
example utricles from plants from the Head of Buzzards Bay, MA, which had a mean 
utricle length of!215±l 41 j^m, were considerably larger than all other plants surveyed, 
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particularly those in proximal locations in Long Island Sound. The mean utricle length of 
plants in Long Island Sound was 948.5 ± 154.4 \xm, but when the Head of Buzzards Bay, 
MA plants were removed from this analysis, the mean value was 928.9 ± 148.7 \xm, a 
difference of 5%. The large utricles from plants from Head of Buzzards Bay, MA 
skewed the regional trend for plants in Long Island Sound. When this population was 
removed, the mean utricle length from Long Island Sound was still larger than those from 
other regions. By contrast, mucrons on plants from Head of Buzzards Bay, MA were 
smaller than average. ANOVA performed on these data showed that there are significant 
differences between regions for all anatomic characteristics. 
A Tukey-Kramer HSD test performed on the anatomical data showed that C. 
fragile populations in the Canadian Maritimes and Gulf of Maine were not significantly 
different from each other (Fig. 10). Both the Canadian Maritimes and Gulf of Maine 
populations were significantly different than those from Long Island Sound. This 
suggests that C. fragile populations in the Canadian Maritimes and the Gulf of Maine are 
more similar to each other than those in Long Island Sound. 
While the broad trend was that utricles were smaller in the Canadian Maritimes 
and Gulf of Maine versus Long Island Sound, utricle sizes varied considerably in each 
region (Figs. 6-9).. This variation could be because C. fragile grows better at some 
locations than other. Further, some of the variation observed could be due to the time 
when C. fragile was collected, as utricles from plants collected later in the growing 
season (e.g., in September from Long Island Sound) were larger than those collected 
earlier in the summer (e.g., in August from Canadian Maritimes, and Gulf of Maine). 
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This wide range of variation suggests that utricle size is not the single best diagnostic 
feature of C. fragile subspecies. 
Mucrons are also notably variable; they are long and sharp in younger plants and 
shorter and blunt in older ones (Silva 1951). In this study, every precaution was taken to 
measure young but fully mature utricles. When available, plants were selected that bore 
fresh growth, evidenced by thallus tips of a brighter green. Utricles taken from these tips 
were cut off 1 cm from the tip of the thallus to ensure that they were not still growing. 
However, it was difficult to identify the youngest sections of some drift plants. 
The mucrons of plants from Long Island Sound were smaller than those from 
other regions. The mean mucron length for plants in this region was 16.6±4.2 jj,m. The 
largest mucron were from plants from the Head of Buzzards Bay, which had mean 
mucron length of 20.8±5.8 \xm. When this population was removed from the regional 
assessment, the mean mucron length was 16.4±4.0 \xm. Thus, while the large mucrons 
from Head of Buzzards Bay skewed the regional pattern of mucron size larger, it did not 
impact the mean mucron length. 
In the present study, gametangia were observed with a mean length of 289±30.2 
i^m. In the Canadian Maritimes, mean gametangial length was 301±10.1, versus 
287±34.2 in the Gulf of Maine, and 289±30.6 in Long Island Sound. The range of 
gametangial lengths for subspecies atlanticum is thought to be 260-400 \im and 260-330 
fim for subspecies^agz'/e (Maggs and Kelly 2007, Silva 1955, 1957). Gametangia from 
plants from the Gulf of Maine and Long Island Sound were on the smaller end of the 
given range of gametangial sizes, with some gametangia being smaller than the reported 
sizes (Maggs and Kelly 2007, Silva 1955, 1957). These gametangia are well within the 
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range for both subspecies suggested by Silva (1955, 1957), but the ranges for both 
subspecies overlap. Because of this, it is impossible to conclusively say that the observed 
gametangia were one subspecies or the other, but it was more likely that they are not 
subspecies atlanticum, as I did not observe many long gametangia. The gametangial 
width was on the wider end of the range suggested by Silva (1955, 1957) and others for 
both subspecies. 
Small but significant differences were observed in utricle anatomical 
characteristics between attached plants and those collected entwined in Zostera (with a 
proliferous morphology) or from drift (Fig. 11). The mean utricle lengths and utricle 
diameters of attached plants were significantly smaller than those plants collected 
entwined in Zostera or from drift. The number of attached plants examined was small 
and did include populations throughout the entire geographic range of this study. These 
differences could have been due to geography, habitat, genetic or other factors. Perhaps a 
better test would have been a comparison of utricles from attached plants growing in 
shallow and deeper waters, as utricle size may vary with water depth. This was beyond 
the scope of this study. Another factor that could impact utricle size was differential 
desiccation of submerged and drift populations. 
The presence or absence of a well-defined constriction around the middle of the 
utricle, or waist, is also thought to be a diagnostic characteristic for subspecies (Maggs 
and Kelly 2007, Silva 1955, 1957). Hubbard and Garbary (2002) observed that plants 
hypothesized to be subsp. atlanticum lacked a waist, whereas those of subsp. fragile had 
a slight central constriction. A previous subspecies key by Burrows (1991) showed that 
subsp. fragile had a waist at the middle of the utricle. However, this key also presents a 
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single drawing of a C. fragile subsp. atlanticum utricle that appears to have a slight waist 
(Fig. 61, pg. 195). Another key by Maggs and Kelly (2007) presented photographs of 
utricles of both C. fragile subsp. atlanticum and. fragile; the utricles of subsp. fragile had 
well-defined waists whereas those of subsp. atlanticum were club-shaped (Figs. 93-94, 
pgs. 193, 195). 
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All of the populations surveyed in this study had utricles with waists (Fig. 12, 
Table 4). Plants from the Gulf of Maine, specifically those from Boothbay Harbor, ME C 
and South Mill Pond, NH had the most defined waist (Fig. 12) while others, such as those 
from Head of Buzzards Bay, MA in Long Island Sound, had utricles with little waist 
constriction. Although the waist ratio is not a well-defined morphological characteristic 
indicating subspecies identity, it seems to be a common characteristic for the C. fragile 
subsp. fragile specimens observed in this survey of NW Atlantic populations. 
When ANOVA was performed on mean waist ratio length per region, the p-value 
showed that there are significant differences between populations. The Tukey-Kramer 
HSD test performed on the mean waist ratio per plant for each population showed where 
the differences are by grouping the waist ratios (Fig. 12). In general, utricles from 
populations in the Canadian Maritimes and the Gulf of Maine clustered together, as their 
waist ratios were lower than those in Long Island Sound. Utricles from populations in 
Long Island Sound had higher waist ratios and formed clusters; as the waist ratio was 
highly variable as evidenced by the large error bars (Fig. 12). 
Frequency Distribution of Anatomical Characteristics 
Overall, the size of C. fragile utricles increased from north to south (Fig. 13). In 
the Canadian Maritimes, the bimodal shape of the frequency distribution shows that 
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while most of the utricles ranged from 700-849 \xm, a smaller group varied from 1000-
1099 [xm. In the Gulf of Maine, the frequency distribution was generally unimodal but 
more variable. Such variation could be due to the range of habitats where C. fragile was 
collected in the Gulf of Maine. Codium fragile was collected as drift along sandy 
beaches and in rocky tide pools (Boothbay Harbor, ME D), while as whole plants were 
from high salt marsh panes tide (Brave Boat Harbor, ME) or at a restricted tidal rapids 
v 
site near an outflow pipe within an inner estuarine embayment (South Mill Pond, NH). 
In Long Island Sound a similar frequency distribution was unimodal but more plants had 
larger utricles than those from the Canadian Maritimes or Gulf of Maine. The largest 
frequency of utricle size from Long Island Sound plants was also larger than that those 
from the Canadian Maritimes and Gulf of Maine. Such patterns agree with the mean 
utricle lengths (Fig. 6), which showed that utricles from plants from Long Island Sound 
were generally larger than their northern counterparts. 
The frequency distribution of mean mucron length (Fig. 14) showed the opposite 
trend to utricle length, as mucron sizes decreased from north to south. The mucron 
lengths for the Canadian Maritime plants were the largest, followed by those from the 
Gulf of Maine and Long Island Sound. Gulf of Maine plants had the largest mucron size 
range and variability, while those from the Canadian Maritimes were more variable than 
those from Long Island Sound. Environmental conditions could have influenced mucron 
size, as described above. The mucron sizes from Long Island Sound plants had the 
narrowest range, which indicated that there was limited phenotypic variation for this trait 
among the plants in these populations or that the habitats from which these plants were 
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collected were more uniform. Such patterns are consistent with Malinowski's (1974) 
findings, which suggested that Long Island Sound populations were genetically uniform. 
Some individual plants from Long Island Sound had mucron lengths in the range 
reported for C. fragile subsp. atlanticum. However, the mean mucron length for these 
populations was within the range reported for C. fragile subsp. fragile. 
The frequency distributions displaying utricle diameters (Figs. 8 and 9) displayed 
a general trend of narrower utricles in the Canadian Maritimes and the Gulf of Maine and 
wider utricles in Long Island Sound. Such patterns were consistent with other results 
from this study, which showed that Long Island Sound plants had utricles that were 
generally larger than those from the Canadian Maritimes and the Gulf of Maine. 
There are many reasons why utricles from Long Island Sound may be larger than 
those from more northern locations. Foremost, plants from Long Island Sound were 
collected later in the season, giving the plants more time to develop. The warm water 
temperatures in Long Island Sound versus those north of Cape Cod (Chapman 1964, 
Hooper et al. 2002, van den Hoek 1975, 1982) would allow longer periods of plant 
growth (Malinowski and Ramus 1973). However, one population sampled in the 
Canadian Maritimes, Parlee Beach, NB, is on Northumberland Strait, which has some of 
the warmest waters north of Cape Cod (2009a). Plants from Parlee Beach, NB had 
utricles that were shorter than those other plants collected in the Canadian Maritimes. 
Temperature seems to primarily influence how quickly a plant reaches maturity as well as 
presence or absence of gametangia (Fralick and Mathieson 1973, Malinowski and Ramus 
1973). Growth habitat could also influence utricle size, as all of my plants collected from 
Long Island Sound were obtained from drift. In addition to environmental differences 
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such as collection time, water temperature, substratum, nutrient availability, there may be 
subtle genetic differences between populations that could account for the quantitative 
variation within and between populations. 
Population Clusters of Anatomical Variation 
When comparing the utricle length to utricle diameter (widest dimension) ratio, 
only two of Malinowski's populations (1974) clustered with plants surveyed in the 
present study (Fig. 23). First, Malinowski's California population clustered with some of 
my populations in the Canadian Maritimes and Gulf of Maine (cluster a). Second, his 
Boothbay Harbor plants clustered with the plants from all regions surveyed in the present 
study (cluster b). Included in this cluster were locations with plants with atypical 
morphologies. For instance, the single plant from Boothbay Harbor, ME C had a 
proliferous morphology and those from Boothbay Harbor, ME D were small or juvenile 
plants found in high rocky tide pools. The rest of Malinowski's populations from Long 
Island Sound clustered together without any populations surveyed in the present study 
(cluster c). Thus, although many of my populations were proximal with those of 
Malinowski, the plants observed in these two studies did not have similar enough utricle 
morphologies to cluster together using the morphometric ratios of utricle length/utricle 
diameter. There are several plausible reasons for these differences. Foremost, the 
seasonality of collection may have influenced utricle size. Malinowski (1974) did not 
report his collection dates, while all of my material was collected in late summer and 
early fall. The method in which the utricles were measured could also introduce error. 
Thus, in my studies, utricles were measured from digital images with computer software 
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that was not available to Malinowski; these differences in technology might have 
introduced a systematic error in comparing the two sets of measurements 
When comparing the relationships between populations using additional 
morphometric ratios (e.g., utricle length/utricle diameter, gametangial length/utricle 
length, and gametangial length/gametangial width) in the present study versus 
Malinowski (1974), plant populations from all of his collection sites formed a cluster 
with plants surveyed in the present study (Fig. 22, cluster a). Most of the plants surveyed 
in the present study in cluster a were from Long Island Sound, but two populations, 
Caribou Bay, NS and Boothbay Harbor, ME B were in the Canadian Maritimes and Gulf 
of Maine, respectively. When only utricle length was compared, none of the populations 
Malinowski (1974) surveyed were proximal to my Long Island Sound locations that 
clustered with his populations (Figure 23). However, when gametangial lengths were 
taken into account, there was more clustering between locations surveyed in the present 
study and Malinowski's (1974) study (Figure 22). 
Cluster analysis based on mucron length comparing plant populations from the 
current study and those of Kusakina et al. (2006) showed much greater similarity 
between proximal locations in both studies (Fig.24). Kusakina et al. (2006) observed 
three classes of mucron size: short, intermediate, and long. The populations where 
Kusakina et al. (2006) observed long mucrons (Parlee Beach, NS, Mahone Bay, NS, and 
Maine, USA) clustered with proximal populations surveyed in the current study bearing 
the longest mucrons. The plants from the site that Kusakina et al. (2006) classified as 
having intermediate-sized mucrons (Caribou Bay, NS) clustered with those I surveyed 
from the same location, as well as other plants from throughout all regions. The locations 
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in Prince Edward Island where Kusakina et al. (2006) discovered plants with short 
mucrons likewise clustered with plants I collected from Long Island Sound. Kusakina et 
al. (2006) hypothesized that these plants with small mucrons from Prince Edward Island 
were subspecies atlanticum and those with longer mucrons (Nova Scotia and Maine) 
were subspeciesyrag//e. While Kusakina et al. (2006) reported on mucron lengths and no 
other anatomical features such as utricle or gametangial length, they also observed that 
genetically, Prince Edward Island populations were distinct. While the cluster analysis I 
performed seemed to suggest that some Long Island Sound populations fell within the 
morphological ranges suggested by Silva (1951, 1955, 1957) for subsp. atlanticum, Chris 
Benton is working to sequence the chloroplast rps3-rpll6 gene regions, as well as the 
chloroplast trnG gene region. To date, he has not found any sequence polymorphisms 
from the material collected throughout the NW Atlantic (Benton, unpublished data) with 
the known C. fragile subsp. fragile sequence for these genes (Provan et al. 2007). 
Principal Component Analysis 
The principal component analysis (Fig. 27) helped to explain variation in utricle 
and mucron size between plant populations from different regions. Over 97% of the 
variation present within the data was explained by the first two principal components 
(Fig. 25). Thus, the utricle morphology of plant populations from Long Island Sound 
clustered in the plot area representing larger utricles and smaller mucrons (Fig. 27). 
Likewise, the points representing Canadian Maritime Province and Gulf of Maine 
locations clustered in the plot area representing smaller utricles and larger mucrons (Fig. 
27). 
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It is noteworthy that the plants from the Canadian Maritimes grouped with those 
from Gulf of Maine. A Tukey-Kramer HSD test (Fig. 10) also showed that there was no 
significant difference between plants collected from these two regions; principal 
component analysis also confirmed this same pattern. Further there was a significant 
difference between the northern (Canadian Maritimes and Gulf of Maine) and southern 
regions (Long Island Sound); the cluster of points representing Long Island Sound 
locations did not overlap with those from the Canadian Maritimes and the Gulf of Maine. 
Broad Conclusions 
Temperature plays an important part in the germination, growth, and survival of 
C. fragile, as the plant needs a minimum temperature of 10° to 13° C to grow and 12° to 
15° C to produce viable gametes and gametangia (Carlton and Scanlon 1985, Churchill 
and Moeller 1972, Fralick and Mathieson 1973, Hanisak 1979, Malinowski and Ramus 
1973). While the maximum growth rate in C. fragile occurs above 16° C, water 
temperature only impacts the rate of growth, not the mature size of utricle anatomy 
(Malinowski and Ramus 1973). By the middle of July, water temperatures in Long 
Island Sound and the Gulf of Maine were above 15° C (2008, 2009a). In the Canadian 
Maritimes, water temperatures in Northumberland Strait, between Nova Scotia and 
Prince Edward Island in July and August average 17° C, whereas for the same months in 
Nova Scotia water temperatures were 10° C and 13° C respectively (2009b). The 
warmest water temperature in Nova Scotia, 13.5° C, was not until September (2009b). 
Few plants with gametes were observed in the Canadian Maritimes, perhaps because 
water temperatures in August were not warm enough to produce gametes. In Long Island 
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Sound, where water temperatures were warmer and the collection time was in September, 
plants had more opportunity and better conditions to produce gametangia. 
The age or viability of plants sampled may also impact utricle size. Whenever 
possible, utricles were taken from the tips of new, growing tissue. However, some of the 
plants collected from sandy beach locations were exposed for a tide cycle. It was 
sometimes difficult to determine if they had new growth because their tips were 
sometimes battered. Thus, older tissue may have been taken inadvertently. If so, their 
mucrons could have been worn down or broken off, resulting in erroneously small 
measurements. While it was easy to recognize mucrons that were young and pointed, 
determining whether small mucrons were just small in stature or if they have been broken 
or worn down was more difficult. 
Utricles from proliferous plants collected in entwined in Zostera were not 
markedly different from "typical" dichotomously branched plants. Such patterns suggest 
that these proliferous morphologies primarily result from detachment and subsequent loss 
of polarity rather than genetic change (Garbary et al. 2004, Norton et al. 1981). Since 
these plants probably originated from nearby attached populations no differences in 
utricle morphology should be expected. 
At some of my proximal sites, C. fragile was very similar. For example, C. 
fragile growing in the high salt marsh tide pannes at Brave Boat Harbor, ME were not 
significantly different in size from nearby drift material at Seapoint, ME. Alternately, 
plants from high tide pools at Boothbay Harbor, ME D had smaller utricles and larger 
mucrons than those found in drift at other Boothbay Harbor locations. Malinowski 
(1974) suggested that populations from Boothbay Harbor might reproduce sexually, 
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which would introduce more genetic variation and potential phenotypic variability. By 
contrast, my documentation of more uniform utricle morphologies from Long Island 
Sound plants agrees with Malinowski's (1974) observations that they are genetically 
uniform (although heterozygous) and not reproducing sexually. 
The present study was unable to confirm the presence of C. fragile subsp. 
atlanticum in the Canadian Maritimes, nor was it able to document the spread of that 
subspecies to the Gulf of Maine or Long Island Sound. In fact, C. fragile was observed 
to have declined in Prince Edward Island. Kusakina et al. (2006) reported collecting C. 
fragile in the fall of 2003 from the shore or to 1 m from low tide. When we returned to 
her collection sites in Malpeque Bay, Prince Edward Island in August 2008, we were 
unable to find any C. fragile. Local oystermen confirmed that C. fragile, which was once 
prevalent in the bay, had declined to the point that they only saw occasional plants at the 
end of their oyster lines. 
The utricle size of C. fragile has been used as the diagnostic anatomical features 
to differentiate between subspecies^ragzYe and atlanticum (Burrows 1991, Hubbard and 
Garbary 2002, Kusakina et al. 2006, Maggs and Kelly 2007, Malinowski 1974, Silva 
1951, 1955, 1957). My results show that utricle length is highly variable within plants 
and populations and perhaps is not of diagnostic value. 
While mucrons are also variable within plants, they are perhaps a better 
diagnostic characteristic than utricle length when mucron length is consistent throughout 
a plant and throughout a population. At the same time, mucron length could be a 
misleading diagnostic feature. Mucrons can be broken or blunted; it was difficult to 
determine if short mucrons were short due to breakage or just naturally short. While it 
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was suggested that mucrons smaller than 15 \xm are subspecies atlanticum, I observed 
mucrons of this size range that were from plants whose other diagnostic features (plant 
length, utricle length, presence or absence of waist-like constriction) would place them in 
the range suggested by Silva (1951, 1955, 1957) for subsp. fragile. Therefore, only C. 
fragile subsp. fragile was observed in the NW Atlantic during this study. 
Basing algal identity primarily on morphological and anatomical characteristics 
can be tricky. When only one diagnostic characteristic, such as utricle or mucron size, is 
observed, evidence could indicate that the plant is subsp. atlanticum. But when all 
anatomic characteristics are taken into account, the plant is more likely to be subsp. 
fragile. When combined with the genetic data provided by Chris Benton, only C. fragile 
subsp. fragile was observed in the NW Atlantic. 
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FIGURES AND TABLES 
Figure 1 Morphological and anatomical features of Codium fragile subsp. fragile 
showing habit of branched dichotomous thallus (a); two utricles (b), showing narrowest 
(u) and widest (v) dimensions, mucron tip (w), gametangia (x), and maximum utricle 
length (y); and mucron tip (c), identifying mucron length measurement (z). 
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Figure 2 Collecting locations in the Canadian Maritimes. See Table 1 for dates of 
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Figure 3 Collecting locations in the Gulf of Maine. See Table 1 for dates of collection, 
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Figure 4 Collecting locations in Long Island Sound. See Table 1 for dates of collection, 
habit, and coordinates of site. 
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Figure 5 Herbarium voucher specimens of Codium fragile subsp. fragile plants showing 
typical (a-d) and more variable morphologies (e-h): Parlee Beach, NB (a), St. Margaret's 
Bay, NS (b), Woods Hole, MA (c), Rocky Neck State Park, CT (d), Caribou Bay, NS (e), 
Graves Island Provincial Park, NS (f), Boothbay Harbor, ME C (g), and Chappaquoit 
Beach, MA (h). 
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Figure 6 Mean utricle length (^ im ± SD) of C. fragile from 24 locations ranging from 
Parlee Beach, NB to Black Point Beach, CT. Similar letters (for example, F) indicate 
statistically similar morphologies. 
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Figure 7 Mean mucron length (\xm ± SD) of C. fragile from 24 locations ranging from 
Parlee Beach, NB to Black Point Beach, CT. Similar letters (for example, F) indicate 
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Figure 8 Mean utricle diameter (|j,m ± SD), widest dimension, of C. fragile at 24 
locations ranging from Parlee Beach, NB to Black Point Beach, CT. Similar letters (for 
example, F) indicate statistically similar morphologies. 
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Figure 9 Mean utricle diameter (\xm ± SD), narrowest dimensions, of C. fragile at 24 
locations ranging from Parlee Beach, NB to Black Point Beach, CT. Similar letters (for 






















































































































Figure 10 Mean morphometric characteristics (urn ± SD) of C. fragile utricles from three 
geographic regions in the NW Atlantic: the Canadian Maritimes to Long Island Sound. 
Similar letters (for example, A) indicate statistically similar morphologies. 
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Figure 11 Mean morphometric characteristics (j^ m ± SD) of C. fragile utricles from three 
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Figure 12 Ratio of mean utricle diameter (\xm ± SD), narrowest dimensions, to mean 
utricle diameter (\xm ± SD), widest dimensions (i.e., the waist ratio) of C. fragile at 24 
locations ranging from Parlee Beach, NB to Black Point Beach, CT. Similar letters (for 
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Figure 13 Frequency (%) distribution patterns of C. fragile''s mean utricle lengths ((j.m) 
and their overall mean values for different Northwest Atlantic populations, including 
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Figure 14 Frequency (%) distribution patterns of C. fragile's mean mucron lengths (um) 
and their overall mean values for different Northwest Atlantic populations, including 
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Figure 15 Frequency (%) distribution patterns of C. fragile's mean utricle diameters 
(um), widest dimension, and their overall mean values for different Northwest Atlantic 
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Figure 16 Frequency (%) distribution patterns of C. fragile's mean utricle diameters 
(um), narrowest dimensions, and their overall mean values for different Northwest 
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Figure 17 Frequency (%) distribution patterns of C. fragile's utricle length to utricle 
diameter (widest dimension) plus overall mean values for NW Atlantic (current study) 
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Figure 18 Frequency (%) distribution patterns of C. fragile's utricle length to utricle 
diameter (narrowest dimension) plus overall mean values for NW Atlantic (current study) 
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Figure 19 Frequency (%) distribution patterns of C. fragile's gametangial length to 
utricle length plus overall mean values for NW Atlantic (current study) and Long Island 
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Figure 20 Frequency (%) distribution patterns of C. fragile'?, gametangial length to 
gametangial width plus overall mean values for NW Atlantic (present study) and Long 
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Figure 21 Frequency (%) distribution patterns of C. fragile''s mean mucron length (|xm) 
plus their overall mean values for different collecting locations within the Northwest 
Atlantic, including three distinct geographical areas, compared to Kusakina et a/.'s 
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Figure 22 Cluster analysis comparing utricle length/utricle diameter (widest dimension), 
gametangial length/utricle length, and gametangial length/gametangial width for the 
present study (x) and Malinowski's 1974 study (•), labeling clusters with bars and letters 
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Figure 23 Cluster analysis comparing utricle length/utricle diameter (widest dimension) 
for the present study (x) and Malinowski's 1974 study (•), labeling clusters with bars and 
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Figure 24 Cluster analysis for the present study (x) and Kusakina et ah's (2006, •) 
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Figure 27 Principal component analysis of mean utricle length, diameter (widest and 
narrowest dimensions), and mucron length for three geographic regions. Each point 
represents one location within each region. 
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Table 1 Dates of Codium collections, habit, numbers of plants collected, and coordinates 
of study sites. Refer to Appendices 2 and 3 for herbarium specimens and data, 
respectively. 
Number 
Date of of Plants 
Location Collection Habit Collected Latitude Longitude 
Parlee Beach, NB, CAN 
(PB) 
Caribou Bay, NS, CAN 
(CB) 
St. Margaret's Bay, NS, 
CAN (SMB) 
Graves Island Provincial 
Park, NS, CAN (GI) 
Boothbay Harbor A 
(drift), ME, USA (BHA) 
Boothbay Harbor B 
(drift), ME, USA (BHB) 
Boothbay Harbor C 
(drift, proliferous), ME, 
USA (BHC) 
Boothbay Harbor tide 
pools, ME, USA (BHD) 
Cape Elizabeth, ME, 
USA (CE) 
Short Sands Beach, ME, 
USA (SSB) 
Brave Boat Harbor, ME, 
USA (BBH) 
Seapoint, ME, USA (S) 
South Mill Pond, NH, 
USA (SMP) 
Seabrook Beach, NH, 
USA (SB) 
Cape Cod Canal, west 
end, MA, USA (CCC) 
Head of Buzzards Bay, 
MA, USA (HBB) 
Chappaquoit Beach, 
MA, USA (CBMA) 
Woods Hole, MA, USA 
(WH) 
6 August 2008 
6 August 2008 
7 August 2008 













25 May 2008 
14 October 
2008 




























































































Horsehead Beach, MA, 25 September drift 20 41°51' 71°07' 
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USA (HB) 2008 
Jamestown, RI, USA (J) 
Stonington Harbor, CT, 
USA (SH) 
Stonington Point, CT, 
USA (SP) 
Rocky Neck State Park, 

























Black Point Beach, CT, 24 September 
USA(BPB) 2008 drift 14 41°29' 72°20' 
Table 2 A comparison of Codium 's thallus and utricle features according to Burrows 1991, Gonzalez and Sar 
and Garbary 2002, Kusakina et al. 2006, Maggs and Kelly 2007, Silva 1951, 1955, and 1957 to the current sti 
subspecies name tomentosoides is a synonym for subspeciesyrag//e. 
Citation Subspecies, Number Thallus Number Utricle Utricle Utricle 
morphotype, or plants/ length utricles length (urn) diameter diamete 
region site (cm) measured (widest (narrow 






















































































et al. 2006 
Kusakina 
et al. 2006 
Kusakina 





























































































Silval957 atlanticum NA 15-25 NA 780-1100 (130-)6 NA 
(-50) 6 (-1200) 6 170-330 
Silval957 tomentosoides NA To 90 NA 550-1050 (105-) 165- NA 
325 (-400)7 
7
 Numbers in parentheses represent highest and lowest observed sizes. 
Table 3 A comparison of Codium 's gametangial and mucron features according to Burrows 1991, Gonzalez 
Hubbard and Garbary 2002, Kusakina et al. 2006, Maggs and Kelly 2007, Silva 1951, 1955, and 1957 to the ( 
the subspecies name tomentosoides is an old name for subspeciesyragz'/e. 
Citation Subspecies, Gametangial Gametangial Description Mucron Description Numl 
morphotype, length (um) width (urn) of length of mucron of ha: 
































































Current Long Island 
study Sound 
289±30.6 121±24.8 Ovoid, 16.6±4.2 
oblong, or 
fusiform, 1-
3 per utricle 
NA 1-2 
Gonzalez Unknown 
and from Chile 
Santelices 
2004 






in a sharp 
mucron 
NA 




75-170 Ovoid or NA 
fusiform, 1-
3 per utricle 
Acuminate, NA 
terminating 































Kusakina Intermediate NA 
et al. 
2006 




260-400 80-130 Ovoid, 
oblong, or 
fusiform, 1-
2 per utricle 






260-330 72-92 Ovoid, 
oblong, or 
fusiform, 1-
2 per utricle 





















10-14 NA 1-3 
Silva 
1955 
tomentosoides 260-330 72-92 Ovoid, 
oblong, or 
fusiform 





atlanticum 260-400 80-130 Ovoid, 
oblong, or 
fusiform, 1 
or 2 per 
utricle 
10-14 Blunt, NA 
occasionally 
sharp 
Silva tomentosoides 260-330 72-92 Ovoid, To 68 NA NA 
1957 oblong, or 
fusiform, 1' 
Table 4 A description of the mean utricle waist characteristic for plant populations at 
each location. 
Location Utricle waist description Narrowest utricle 
dimension/widest utricle 
dimension 
Parlee Beach, NB 
Caribou Bay, NS 
St. Margaret's Bay, NS 
Graves Island Provincial 
Park, NS 
Boothbay Harbor, ME A 
Boothbay Harbor, ME, B 
Boothbay Harbor, ME C 
Boothbay Harbor, ME D 
Cape Elizabeth, ME 
Short Sands Beach, ME 
Brave Boat Harbor, ME 
Seapoint, NH 
South Mill Pond, NH 
Seabrook Beach, NH 
Cape Cod Canal, MA 
Head of Buzzards Bay, MA 
Chappaquoit Beach, MA 
Woods Hole, MA 
Horsehead Beach, MA 
Jamestown, RI 
Stonington Harbor, CT 
Stonington Point, CT 
























0.741 ± 0.062 
0.775 ± 0.058 
0.730 ±0.054 
0.788 ± 0.062 
0.789 ± 0.043 
0.861 ± 0.067 
0.686 ±0.066 
0.726 ±0.051 
0.802 ± 0.028 
0.793 ± 0.054 
0.724 ± 0.042 
0.752 ± 0.063 
0.694 ± 0.027 
0.785 ± 0.082 
0.819 ±0.069 
0.917 ±0.023 
0.843 ± 0.057 
0.823 ± 0.076 
0.876 ± 0.049 
0.844 ± 0.057 
0.812 ±0.050 
0.850 ±0.038 
0.773 ± 0.042 
Black Point Beach, CT Waist 0.822 ± 0.080 
A defined waist has a waist ratio less than 0.725. A waist has a waist ratio between 
0.726-0.825. A slight waist has a waist ratio above 0.826. (Malinowski 1974, Moeller 
1969) 
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APPENDIX I 
HERBARIUM SPECIMENS COLLECTED AS PART OF THIS STUDY 
NHA 511756 
Codium fragile (Suhr) Hariot subsp. fragile 
St. Margaret's Bay between Black Point and Hubley Station, Nova Scotia, Canada, C. S. 
Benton and L. E. Pleticha, 7 August 2008 
NHA 511757 
Codium fragile (Suhr) Hariot subsp. fragile 
Graves Island Provincial Park, Nova Scotia, Canada, C. S. Benton and L. E. Pleticha, 7 
August 2008 
NHA 511758 
Codium fragile (Suhr) Hariot subsp. fragile 
Parlee Beach, Shediac, New Brunswick, Canada, C. S. Benton and L. E. Pleticha, 6 
August 2008 
NHA 511759 
Codium fragile (Suhr) Hariot subsp. fragile 
Caribou Bay, Nova Scotia, Canada, C. S. Benton and L. E. Pleticha, 6 August 2008 
NHA 511760 
Codium fragile (Suhr) Hariot subsp. fragile 
Ocean Point, Boothbay Harbor, Maine, USA, C. S. Benton and L. E. Pleticha, 28 August 
2008 
NHA 511761 
Codium fragile (Suhr) Hariot subsp. fragile 
Beach near Marine Biological Laboratories, Woods Hole, MA, C. S. Benton and L. E. 
Pleticha, 25 September 2008 
NHA 511762 
Codium fragile (Suhr) Hariot subsp. fragile 
82 
Chappaquoit Beach, West Falmouth, MA, C. S. Benton and L. E. Pleticha, 25 September 
2008 
NHA 511763 
Codium fragile (Suhr) Hariot subsp. fragile 
Chappaquoit Beach, West Falmouth, MA, C. S. Benton and L. E. Pleticha, 25 September 
2008 
NHA 511764 
Codium fragile (Suhr) Hariot subsp. fragile 
Rocky Neck State Park, East Lyme, CT, C. S. Benton and L. E. Pleticha, 24 September 
2008 
NHA 511764 
Codium fragile (Suhr) Hariot subsp. fragile 
Stonington Point, Stonington, CT, C. S. Benton and L. E. Pleticha, 24 September 2008 
NHA 511766 
Codium fragile (Suhr) Hariot subsp. fragile 




AVERAGE CODIUM UTRICLE ANATOMY DATA USED IN ANALYSES 
oo 
Location Plant Plant Average Average 
length utricle mucron 
(cm) length length 
(pin) (urn) 















































795 ± 93 







274 ± 6.96 
265 ± 32.3 
265 ±31.6 
165 ±22.8 










827 ±63 34.1 ±2.27 187 ±44.6 118 ±38 
Parlee Beach, 9 
NB 
Parlee Beach, 10 
NB 
Parlee Beach, 11 
NB 
Parlee Beach, 12 
NB 
Parlee Beach, 13 
NB 
Parlee Beach, 14 
NB 
Parlee Beach, 15 
NB 
Parlee Beach, 16 
NB 
Parlee Beach, 17 
NB 
Parlee Beach, 18 
NB 
Parlee Beach, 19 
NB 
Parlee Beach, 20 
NB 
Parlee Beach, 21 
NB 
Parlee Beach, 22 
NB 
Parlee Beach, 23 
NB 
951 ± 31.6±6.13 
67.8 
782 ± 29.3 ± 5.69 
44.1 
718 ± 27.5 ±4.31 
52.2 
733 ± 29.5 ±2.91 
45.9 
748 ±40 27.8 ±4.95 
714 ± 26.2 ±2.54 
39.3 
894 ± 26.1 ±5.95 
48.3 
775 ± 33.8 ±6.78 
32.3 
675 ± 32.8 ± 5.84 
44.6 
802 ± 29.2 ± 2.41 
37.6 
688 ± 66 34.5 ± 4.27 
754 ± 30.5 ±5.55 
48.6 
746 ± 33.1 ±3.45 
53.9 
688 ± 28.3 ± 6.02 
48.3 
613 ±62 34.3 ±2.41 
233 ±17.5 165 ±25.2 
278 ±28.1 217 ±29.6 
278 ±43.1 213 ±37.5 
304 ±22.8 174 ±13.4 
221 ±34 157 ±34,2 
245 ±56.6 176 ±49.8 
211 ±44.5 150 ±47.3 
210±34.3 153 d= 31.8 
201 ±30.3 146 ±23.4 
275 ± 26.3 227 ± 23 
225 ±32.6 182 ±20.3 
183 ±50.2 127 ±21.4 
228 ±18.4 186 ±21.3 
212 ±60.4 144 ±66.8 
236 ±54.3 182 ±64.4 

















































































22.5 ± 5.63 
15.8 ±4.25 















249 ± 26.6 
243 ± 24 
201 ±58.5 
255 ± 40 
297 ±43.8 
157 ±36.8 











245 ± 39.4 292 
140 
119 
Caribou Bay, 13 8.1 846 ± 20.7 ± 2.63 254 ±38.5 187 ±49.3 
NS 55.7 



























































































298 ± 56.6 
283 ±61.1 







291 ± 64 
189 ±84.9 
196 ±26.6 ' 
236 ±46.1 
208 ± 68.5 
238 ±46.9 
193 ±35.8 
257 ±26 299 
167 ±140 
126 
























Graves Island 1 
Provincial 
Park, NS 
Graves Island 2 
Provincial 
Park, NS 
Graves Island 3 
Provincial 
Park, NS 
813 ± 24.9 ±8.83 
77.7 
862 ± 25.9 ±4.29 
69.4 
1030 ± 24.5 ±19.9 
141 
993 ± 21.7 ±9.35 
130 
789 ± 24.3 ± 5.96 
72.5 
955 ± 27.8 ±6.19 
107 
1160± 20.6 ±6.43 
51.2 
842 ± 8 2 23.3 ±4.14 
975 ± 19.4 ± 1 3 
136 
805 ± 23.3 ± 7.99 
69.4 
269 ±49.7 201 ±19.1 
220 ±31.2 152 ±39.9 
278 ±69.2 217 ±78.3 
282 ±55.9 231 ±54.9 
262 ±29.4 200 ±45.8 
263 ±90.7 195 ±75.4 
362 ±39 249 ±35.1 
258 ±33 188 ±36.8 
272 ± 25 208 ± 27.7 
258 ±28.6 188 ±42.3 































































299 ± 27 
276 ± 34.2 
244 ± 30.3 
238 ± 30.6 
267 ± 28.9 
199 ±40.4 
289 ± 50.8 




199 ±34.7 247 ±53 
206 ±35.5 
121 ± 
Boothbay 1 34.0 1010 ± 20.7 ± 4.52 289 ± 58.3 249 ±73.7 
Harbor, ME 102 
B 
Boothbay 2 65.0 871. ± 21.7 ±6.44 305 ±44.7 238 ± 48.2 




































































345 ± 62 
347 ±45.1 












Boothbay 11 29.0 869 ± 75 23.9 ±5.24 274 ±24 196 ±27.1 
Harbor, ME 
B 
Boothbay 12 18.0 1070 ± 18.9 ±9.55 319 ±46.9 293 ±64.8 
































































39.3 ± 8.63 





332 ± 70.4 
293 ± 35.3 
325 ±81.5 
269 ± 45 
323 ± 107 
304 ± 59.7 












Boothbay 21 34.0 1230 ± 44.7 ± 9.92 292 ±179 239 ±108 
Harbor, ME 144 
B 
Boothbay 22 38.0 1080 ± 39.4 ± 8.37 286 ±105 242 ± 94.9 



























































29.5 ± 10.7 
28.6 ±4.95 





245 ± 58.2 
340 ± 68 
310 ±29.9 
247 ± 41 
286 ±29.3 
271 ±29.6 
272 ± 47.3 
V 
237 ±39.6 
220 ± 62.4 
318 ± 71.5 










Boothbay 5 8.0 686 ±78 24.3 ± 5.08 293 ±65.3 231 ±85.7 
Harbor, ME 
D 
Boothbay 6 ll.i 
Harbor, ME 
D 
Boothbay 7 6.0 
Harbor, ME 
_D 
Boothbay 8 2.5 
Harbor, ME 
_D 
Boothbay 9 7.5 
Harbor, ME 
D 
Boothbay 10 6.5 
v© Harbor, ME 
Boothbay 11 7.0 
Harbor, ME 
D 
Boothbay 12 9.5 
Harbor, ME 
D 
Boothbay 13 7.5 
Harbor, ME 
D 
Boothbay 14 8.5 
Harbor, ME 
D -
Boothbay 15 9.0 
Harbor, ME 
814 ± 20.2 ±4.66 
48.6 
782 ± 16.5 ±3.84 
97.6 
768 ± 50 24.7 ± 3.2 
772 ± 22.4 ± 2.69 
94.9 
730 ± 20.1 ±2.33 
71.9 
797 ± 24.3 ± 6.02 
74.3 
749 ±49 20.6 ±2.72 
706 ± 18.9 ±3.9 
54.6 
756 ± 25.8 ±3.77 
71.2 
749 ±59 23.8 ±4.53 
266 ±39.2 211 ±55.5 
332 ± 122 205 ± 70.6 
269 ±39.6 192 ±45.4 
256 ±38.3 182 ±32.7 
238 ±27.1 182 ±29.3 
293 ±34.8 231 ±31.8 
255 ±48.3 185 ±41.3 
228 ±29.2 166 ±34 
260 ±37.2 181 ±42.8 
237 ±35.8 175 ±38.8 
/ 































































23.3 ± 5.62 
22.5 ± 4.63 
28.3 ±5.6 
17.5 ±4.85 
24.8 ± 7.39 
22.9 ± 4.95 
237 ± 27.3~ 
286 ±34.4 
271 ± 29.6 
244 ± 13.7 
242 ± 54.5 
282 ± 44 
259 ±24.9 
269 ± 38.6 
302 ± 28.2 










257 ±36.3 214 ±83.4 121 ± 
205 ±83.1 
300 ± 77 
Short Sands 9 712 ± 19.6 ±6.06 229 ±24.6 151 ±26.5 
Beach, ME 107 
\ 
1 
Short Sands 10 1010 ± 33.7 ±6.91 285 ±40.3 237 ±48.7 
































































22.4 ± 4.86 
20.1 ±5.86 











264 ± 34.8 
324 ± 39 
282 ±28.2 
297 ± 47.3 
269 ± 52.2 
259 ± 37.2 
310 ±37,4 







278 ±47.3 329 ±96.5 121 ± 




244 ±45.2 320 ±95.8 92.6 ± 
175 ±31.4 
257 ± 54.4 
236 ±50 
231 ±62.5 
177 ± 23.3 
155 ±44.8 
BraveBoat 2 830± 19±4.33 318±55.1 230 ± 86.8 
Harbor, ME 86.8 
Brave Boat 3 
Harbor, ME 
Brave Boat 4 
Harbor, ME 
Brave Boat 5 
Harbor, ME 
Brave Boat 6 
Harbor, ME 
Brave Boat 7 
Harbor, ME 
Brave Boat 8 
Harbor, ME 
Brave Boat 9 
Harbor, ME 
Brave Boat 10 
Harbor, ME 
Seapoint, ME 1 7.5 
Seapoint, ME 2 6.0 
Seapoint, ME 3 15.0 
Seapoint, ME 4 18.0 
South Mill 1 
Pond, NH 
South Mill 2 
Pond, NH 
South Mill 3 
Pond, NH 
698 ± 56.5 ±16.5 
81.2 
630 ± 40.3 ±13.6 
63.8 
688 ± 11.1 ±3.72 
125 
763 ± 17.2 ± 5.06 
105 
695 ± 16.7 ±3.26 
106 
756 ±57 24.9 ±6.92 
•731 ± 20 ±3.23 
84.1 
652 ± 14.2 ±3.16 
58.4 
744 ± 19.4 ±6.49 
82.2 
670 ± 22.1 ±5.28 
45.9 
799 ± 24.5 ± 2.54 
95.4 
804 ± 21.7 ±5.1 
73.1 
772 ± 20.3 ±2.91 
100 
718 ± 20.1 ±3.81 
99.9 
814 ± , 19.4 ±3.92 
129 
271 ±19.9 206 ±31.6 
220 ±32.5 150 ±39.8 
254 ± 69.2 205 ± 66.4 
221 ±53.5 165 ±61.8 
214 ±57.5 147 ±54.3 
247 ±45.5 167 ±37.2 
254 ±42.2 192 ±47.3 
227 ±51.9 159 ±39.8 
311 ±40.4 228 ±44.8 
227 ±26.8 153 ±32.2 
278 ±43.2 217 ±59.6 
282 ±37.2 231 ±38.7 
283 ±55.6 201 ±61.8 
280 ±58.7 197 ±58.1 
311 ±49.9 228 ±47.3-
South Mill 4 
Pond, NH 
South Mill 5 
Pond, NH 
South Mill 6 
Pond, NH 
South Mill 7 
Pond, NH 
Seabrook 1 46.0 
Beach, NH 
Seabrook 2 33~0 
Beach, NH 
Seabrook 3 27.5 
Beach, NH 
Seabrook 4 22.0 
Beach, NH 
Seabrook 5 26J0 
Beach, NH 
Seabrook 6 3L0 
Beach, NH 
Seabrook 7 24.0 
Beach, NH 
Seabrook 8 24.0 
Beach, NH 
Seabrook 9 24.5 
Beach, NH 
Seabrook 10 28.5 
Beach, NH 
Seabrook 11 12.0 
637 ± 22.1 ±4.81 227 ±47.5 
94.5 
807 ± 16.2 ±2.52 256 ± 60.3 
111 
728 ± 15.6 ±5.13 254 ±22.9 
61.4 
718 ± 19.7 ±4.12 258 ±52.3 
116 
1240 ± 35.7 ±5.59 180 ±48.2 
89.6 _ 
1020 ± 40.1 ±8.95 205 ±80.8 
119 
1010 ± 28.6 ±8.41 194 ±31.2 
81.1 
957 ± 31.7 ±4.02 221 ±42.3 
69.4 
794 ± 27.8 ±7.33 384 ±30.8 
95.7 
868 ± 33.4 ±5.36 343 ± 46.7 
93.2 
961 ± 25.2 ±5.07 187 ±40.6 
62.2 
896 ± 22.8 ±4.85 189 ±38.2 
67.1 
975 ± 29.7 ±2.45 236 ±33.7 
111 
908 ± 19.3 ±5.62 267 ± 28 
63.7 









329 ± 20.2 
246 ± 54.8 
164 ±47.1 320 ±28.4 127 ± 
167 ±35.2 
169 ±33.9 291 ±26.4 105 ± 
212 ±32.3 
212± 51.6 















































































20.7 ± 5.64 
23.6 ± 4.25 
18.9 ±2.47 

















346 ± 47.9 
260 ±26.7 
197 ±27.7 
376 ± 74.7 



















Cape Cod 11 21.5 893 ± 16.9 ±2.77 270 ±33.8 214 ±43.8 
Canal, MA 59.5 
Cape Cod 12 24.0 998 ± 14.2 ±5.49 358 ±70.2 296 ±76.7 265 ±30.9 118 ± 


































































24.5 ± 5.64 
17.5 ±9.92 
21.1 ±4.21 
29.5 ± 5.99 
19.7 ± 8 
16.4 ±5.12 
30 ±3.95 
295 ± 44.7 
303 ± 34.6 
270 ±50.3 
373 ±44.1 





287 ± 56.7 
249 ±58.7 
232 ± 37.5 
236 ±73.4 
337 ±56.2 
204 ± 56.4 
188 ±27.9 






279 ± 43 
302 ±12.3 
288±11 









Head of 5 7.0 1270 ± 20 ±4.56 374 ±36.7 362 ±49.1 255 ±16.3 98.5 ± 
Buzzards 44.3 
Bay, MA 
















































































386 ± 53.7 
386 ±56.4 
239 ±43.4 








355 ± 79.3 

















96 ± 1 
Chappaquoit 10 31.0 772 ± 65 20.4 ±3.78 228 ±46.1 167 ±41.2 263 ±11.3 106 ± 
Beach, MA 
Chappaquoit 11 26.0 904 ± 19.1 ±4.79 283 ± 39.5 234 ±46.3 

















































































28.3 ± 5.27 














396 ± 54.3 
310±41.4 
258 ±42.5 
383 ± 43.8 
304 ±58.2 





235 ± 66.7 
235 ±70.8 416 104 




345 ± 64.3 




Woods Hole, 1 47.0 949 ± 19.8 ±3.58 336 ±42.8 286 ±63.8 278 ±33.8 123 ± 
MA 63.6 































































































355 ± 80.4 
314±32 
255 ±36.5 
356 ± 34.2 
300 ± 46.9 











308 ± 54.5 
252 ± 62.3 
183 ±35.9 
352 ±67.8 




















Woods Hole, 16 42.0 1260 ± 16.3 ±4.52 404 ±95.4 363 ± 94.7 262 ± 37.9 116± 
MA 166 



































































































227 ± 40.7 
301 ±56.8 
299 ±35.1 

















268 ± 44.3 
283 ± 9.61 
266 ± 24.9 














Horsehead 6 33.3 1110± 16.9 ±2.28 395 ± 59.3 366 ±71.8 
Beach, MA 164 
Horsehead 7 36.0 1030± 8.6 ± 1.51 301±27.5 264±26.5 295 111 

























































































20.8 ± 6.48 
10.2 ±3.06 








377 ± 46.4 
393 ± 54.3 
405 ±129 
322 ± 49.4 
257 ± 34.4 
262 ± 52.9 
272 ± 79.5 
357 ±61.5 
345 ± 84.3 
325 ± 68.6 
255 ± 44.6 
326 ±83.3 
242 ± 74.7 
344 ± 76 
357 ±77.6 
385 ±144 
285 ± 77.3 
217 ±39.5 
231 ±63.1 
274 ± 28.6 
249 ± 45.4 












Horsehead 21 28.0 989 ± 17.1 ±2.91 319 ±41.5 264 ±62.8 272 ±9.19 113 ± 
Beach, MA 100 
Horsehead 22 22.8 953 ± 15.3 ±4.71 352 ±39.9 310 ±44.2 




























































































377 ± 67.4 
298 ± 44.4 
287 ±32.7 
358 ± 62.7 
345 ± 46.9 
289 ±33.5 
263 ± 58.8 
318 ±44.4 
276 ± 50 
312±67.1 
339 ±50.8 












320 ± 74.9 
304 ±116 










Jamestown, 11 22.0 805 ± 14.4 ±2.84 290 ± 50.4 214 ±52.3 
RI 65.4 





























































































275 ± 63.5 
358 ±59.9 
325 ± 42 
188 ±24.4 
247 ± 57.4 
290 ± 26 




246 ± 29.2 























Stonington 5 32.0 858 ± 19.1 ±3.59 300 ±55.8 233 ± 59.9 
Harbor, CT 60.9 
Stonington 6 26.0 926 ± 23.6 ±5.08 276 ±26.2 211 ±37.6 
























































































320 ± 76.8 
339 ±52.3 
326 ± 50.2 
257 ± 47.3 
285 ± 42.9 
276 ± 42.4 
375 ± 45.4 
329 ± 66 
283 ±41 
344 ± 80.8 
260 ± 94.3 
254 ±73.4 
287 ±78.5 






284 ± 72.5 

















Rocky Neck 1 22.0 720 ± 14.8 ±4.32 239 ±21.8 169 ±22.9 
State Park, 53.6 
CT 









































































298 ± 55 
258 ± 34.8 
190 ±41.1 




244 ± 35.6 
262 ±75.7 
226 ± 53.5 
201 ±43.3 
159 ±43.5 







249 ± 22 
267 ± 30 
307 ± 67 





Black Point 3 36.0 772 ± 16.5 ±5.32 235 ±51.2 177 ±23.7 
Beach, CT 104 
Black Point 4 18.0 895 ±62 11.5 ±2.94 328 ± 54.9 308 ±81.8 
Beach, CT 
Black Point 5 27X) 768 ± 17.5 ±2.5 265 ±28.6 262 ± 29 
Beach, CT 46.2 
Black Point 6 36X) 793 ± 11.8 ±3.54 283 ±43 246 ± 48.7 
Beach, CT 104 
Black Point 1~ 23i) 727 ± 21.9 ±4.25 213 ±25.9 163 ±20.7 
Beach, CT 65.1 
Black Point 8 26^0 807 ± 10 ±2.87 286 ±39.8 237 ± 44 
Beach, CT 69.1 
Black Point 9 32.0 835 ± 
Beach, CT 59.4 
Black Point 10 1Z0 812 ± 
Beach, CT 59.7 
Black Point 11 13X) 771 ± 
Beach, CT 94.1 
Black Point 12 HTo 942 ± 
Beach, CT 126 
Black Point 14 17.0 830 ± 
Beach, CT 61.6 
18.9 ±4.48 280 ±40.5 231 ±50.8 
18.5 ±3.63 299 ±37.8 250 ± 64.9 
13.5 ±3.63 286 ±32 213 ±35.6 257 ± 28 
16 ±3.74 318 ±40.7 271 ±48.4 297 ± 26 
16.7 ±3.43 218 ±35.2 173 ±35.5 
BlackPomt 13 28.0 971 ± 54 17±3.62 257±31.7 226 ± 19 
Beach, CT 
APPENDIX III 
CODIUMFRAGILE SUBSP. FRAGILE INFORMATIONAL WEBSITE AND 
PAMPHLET 
Another component of my project was to inform the general public about C. 
fragile subsp. fragile. A website (http ://codium.unh.edu') and pamphlet (Appendix III) 
were designed to describe Codium's morphology, locations where it is found, and why 
the alga is an environmental problem. The website also contained a page where the 
public could report new occurrences of Codium in New England. 
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